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Abstract
We present a general solution of third order Lovelock gravity in the presence of a specific type
II perfect fluid. This solution for linear equation of state, p = w(ρ − 4B) contains all the known
solutions of third order Lovelock gravity in the literature and some new static and radiating solu-
tions for different values of w and B. Specially, we consider the properties of static and radiating
solutions for w = 0 and w = (n− 2)−1 with B = 0 and B 6= 0. These solutions are asymptotically
flat for B = 0, while they are asymptotically (anti)-de Sitter for B 6= 0. The new static solutions
for these choices of B and w present black holes with one or two horizons, extreme black holes or
naked singularities provided the parameters of the solutions are chosen suitable. The static solu-
tion with w = 0 and vanishing geometrical mass (m = 0) may present a black hole with two inner
and outer horizons. This is a peculiar feature of the third order Lovelock gravity, which does not
occur in lower order Lovelock gravity. We also, investigate the properties of radiating solutions for
these values of B and w, and compare the singularity strengths of them with the known radiating
solutions of third order Lovelock gravity.
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I. INTRODUCTION
The dynamics of our universe at the classical level may be described by a gravitational
field equation in which the contribution of energy content of the universe is represented by an
energy momentum tensor appearing on the right-hand side (RHS) of this equation. The left-
hand side (LHS) represents pure geometry given by the curvature of spacetime. Gravitational
equations in their original form with energy-momentum tensor of normal matter cannot
lead to an accelerated expanding universe, while high-precision observational data have
confirmed with startling evidence that the universe is undergoing a phase of accelerated
expansion. There are, then, two ways to obtain accelerated expansion of the universe.
The first way is by modifying the RHS and supplementing energy-momentum tensor by
dark energy component. The second way, which one may supersede the dark energy, is
the generalization of the LHS of the field equation. A natural generalization of LHS of
the field equation with the assumption of Einstein–that it is the most general symmetric
conserved tensor containing no more than two derivatives of the metric– is Lovelock gravity
[1]. Also, the action of Lovelock gravity may be viewed as the low-energy effective action of
string theory at the classical level [2]. Asymptotically flat solution of second order Lovelock
gravity has been introduced in [3], while this kind of solution for third order Lovelock gravity
has been introduced in [4]. In recent years, solutions of Lovelock gravity in the presence of
more general matter distribution have been investigated. Here, we want to introduce the
exact solutions of third order Lovelock gravity in the presence of a perfect fluid with linear
equation of state and investigate their properties. This is motivated by the fact that third
order Lovelock gravity has some peculiar features which do not occur in lower order Lovelock
gravity. Recently, one of us has shown that a topological black hole of third order Lovelock
gravity has an unstable phase which does not occur in the lower order Lovelock gravity [5].
The black hole solutions of this theory and their thermodynamics have been considered in
[6], while radiating solution of this theory in the presence of a null fluid has been considered
in [7]. Recently, the generalized Vaidya spacetime in Lovelock gravity has been investigated
in [8]. Also, some efforts have been done in the computation of the conserved quantities of
third order Lovelock gravity through the use of the counterterm method [9].
The outline of this work is as follows. In Sec. II, we give a brief review of field equations
and introduce a general solution of third order Lovelock gravity in the presence of a specific
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type II perfect fluid. Section III is devoted to the presentation of the static solutions for a
type I perfect fluid with linear equation of state. In Sec. IV, we generalize these solutions
to the case of radiating solutions, and study the properties of them. Finally, we give some
concluding remarks.
II. GENERAL SOLUTIONS
The field equation of third order Lovelock gravity in the absence of cosmological constant
may be written as [1]
Gµν =
3∑
i=1
α′i[H
(i)
µν −
1
2
gµνL
(i)] = κ2nTµν , (1)
where α′i’s are Lovelock coefficients, Tµν is the energy-momentum tensor of matter field,
L(1) = R, L(2) = RµνγδR
µνγδ − 4RµνR
µν +R2, and
L(3) = 2RµνσκRσκρτR
ρτ
µν + 8R
µν
σρR
σκ
ντR
ρτ
µκ + 24R
µνσκRσκνρR
ρ
µ
+3RRµνσκRσκµν + 24R
µνσκRσµRκν + 16R
µνRνσR
σ
µ − 12RR
µνRµν +R
3 (2)
are first, second and third order Lovelock Lagrangian, respectively. In Eq. (1), H
(1)
µν is just
the Ricci tensor, and H
(2)
µν and Hµν
(3) are given as
H(2)µν = 2(RµσκτR
σκτ
ν − 2RµρνσR
ρσ − 2RµσR
σ
ν +RRµν), (3)
H(3)µν = −3(4R
τρσκRσκλρR
λ
ντµ − 8R
τρ
λσR
σκ
τµR
λ
νρκ + 2R
τσκ
ν RσκλρR
λρ
τµ
−RτρσκRσκτρRνµ + 8R
τ
νσρR
σκ
τµR
ρ
κ + 8R
σ
ντκR
τρ
σµR
κ
ρ
+4R τσκν RσκµρR
ρ
τ − 4R
τσκ
ν RσκτρR
ρ
µ + 4R
τρσκRσκτµRνρ + 2RR
κτρ
ν Rτρκµ
+8RτνµρR
ρ
σR
σ
τ − 8R
σ
ντρR
τ
σR
ρ
µ − 8R
τρ
σµR
σ
τRνρ − 4RR
τ
νµρR
ρ
τ
+4RτρRρτRνµ − 8R
τ
νRτρR
ρ
µ + 4RRνρR
ρ
µ −R
2Rνµ). (4)
Here, we consider the simplest n-dimensional spherically symmetric metric with one met-
ric function, which may be written as
ds2 = −f(v, r)dv2 + 2drdv + r2γijdθ
idθj , (5)
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where 0 ≤ r < ∞ is the radial coordinate, −∞ < v < ∞ is an advanced time coordinate,
and γijdθ
idθj is the line element of the (n− 2)-dimensional unit sphere. We want to intro-
duce the general solutions of third order Lovelock gravity in the presence of a perfect fluid.
In Refs. [10] and [11], the reverse has been done in 4-dimensional and n-dimensional Ein-
stein gravity, respectively. That is, a spherically symmetric solution with a metric function
f(v, r) = 1−m(v, r)/r is accepted and the properties of the energy-momentum tensor have
been investigated. The energy-momentum tensor which we consider here is the sum of two
noninteracting components namely the Vaidya null radiation and a type I perfect fluid given
as [12]
Tµν = σ(v, r)vµvν + ρ(v, r)(vµwν + wµvν) + p(v, r)(vµwν + wµvν + gµν), (6)
where vµ = (1, 0, 0, ..., 0) and wν = (f/2,−1, 0, ..., 0) are two linearly independent future
pointing null vectors in n dimensions which satisfy vµw
µ = −1. The stress-energy tensor
has been chosen in such a way that Tµνv
µvν = 0 and Tµνw
µwν = σ, and therefore there
is energy flux only along one of the null directions. It is of precisely the form which gives
the charged Vaidya solution of Einstein gravity [13] for p = ρ, and reduces to the energy-
momentum tensor which gives the Vaidya metric [14] for p = ρ = 0. The stress-energy tensor
(6) satisfies the dominant or weak energy conditions if the conditions [ρ ≥ 0, −p ≤ ρ ≤ p
and σ > 0] or [ρ ≥ 0, ρ+ p ≥ 0 and σ > 0] are met, respectively.
Using the field equation (1) in a unit system with α′ = 1 and defining α
′
2 = α2/(n −
3)(n− 4) and α
′
3 = α3/3(n− 3)...(n− 6) for simplicity, the G
v
v and G
r
v components reduce
to:
−
(n− 2)
2r2
{[
1 +
2α2
r2
(1− f) +
α3
r4
(1− f)2
]
rf ′
−(1− f)
[
(n− 3) +
(n− 5)α2
r2
(1− f) +
(n− 7)α3
3r4
(1− f)2
]}
= k2nρ(v, r), (7)
−
(n− 2)
2r
{
1 +
2α2
r2
(1− f) +
α3
r4
(1− f)2
}
f˙ = k2nσ(v, r), (8)
where the prime and the dot denote the derivatives with respect to the coordinates r and v,
respectively. Also, one may note that the angular components of Eq. (1) may be written
as
p = −
1
(n− 2)rn−3
∂
∂r
(rn−2ρ). (9)
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In order to solve the field equations, we define the energy function ε(v, r) as
ε(v, r) ≡
2k2n
(n− 2)
∫
ρ(v, r)rn−2dr. (10)
Now, substituting ρ(v, r) from Eq. (7) into Eq. (10) and integrating the result with respect
to r, one obtains:
ε(v, r) = rn−7
{
r4 [1− f(v, r)] + α2r
2 [1− f(v, r)]2 +
α3
3
[1− f(v, r)]3
}
. (11)
Differentiating Eq. (11) with respect to v and using Eq. (8), one finds:
σ =
(n− 2)
2κ2nr
n−2
ε˙, (12)
which shows that the functions ρ(v, r) and σ(v, r) are not arbitrary for our ansatz metric
(5).
By solving Eq. (11), the metric function is found to be:
f(v, r) = 1+
α2r
2
α3
{
1−
(√
γ + k2(v, r) + k(v, r)
)1/3
+ γ1/3
(√
γ + k2(v, r) + k(v, r)
)
−1/3
}
,
(13)
where
k(v, r) =
1
2
+
3
2
γ1/3 +
3α23ε(v, r)
2α32r
n−1
,
γ =
(
α23 − α
2
2
α22
)3
. (14)
The solution introduced by Eqs. (5) and (14) is a general spherically symmetric solution of
third order Lovelock gravity with the ansatz metric (5) in the presence of a type II perfect
fluid, where ρ(v, r), σ(v, r) and p(v, r) are related to each other according to Eqs. (9)
and (12). This solution contains all the previous solutions of third order Lovelock gravity
introduced in the literature [4, 7] and contains some new exact solutions which will be
discussed in the rest of the paper.
III. STATIC SOLUTIONS FOR LINEAR EQUATION OF STATE:
In this section, we find the static solutions of third order Lovelock gravity in the presence
of a type I (σ = 0) perfect fluid. Knowing the equation of state, and using Eq. (9), one may
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obtain the density function ρ(r), and therefore the energy function ε(r) explicitly. For the
linear equation of state p = wρ, Eq. (9) reduces to
d
dr
[
rn−2ρ(r)
]
+ (n− 2)wrn−3ρ(r) = 0, (15)
with the solution
ρ(r) =
λ2
r(w+1)(n−2)
, (16)
where the integration constant λ2 is positive in order to have the weak and dominant energy
conditions. Using Eq. (10), the energy function ε(r) may be obtained as
ε(r) = m−
λ2
[w(n− 2)− 1]rw(n−2)−1
; w(n− 2) 6= 1,
= m+ λ2 ln r; w(n− 2) = 1. (17)
For w = 1, with q2 = λ2/(n− 3), the function k(r) becomes
k(r) = −1 +
3α3
2α22
+
3α23
2α32
(
m
rn−1
+
q2
r2(n−2)
)
. (18)
The solution given by Eqs. (13) and (18) is the asymptotically flat static charged black hole
of third order Lovelock gravity introduced in [4].
For w = −1 with the choice of λ2 = (n− 1)Λ, the function k(r) reduces to
k(r) = −1 +
3α3
2α22
+
3α23
2α32
(
Λ +
m
rn−1
)
. (19)
Due to the weak and dominant energy condition, Λ should be positive and therefore the
solution given by Eqs. (13) and (19) presents an asymptotically dS uncharged solution of
third order Lovelock gravity.
A. Black hole for w = 0 :
The static case with w = 0 gives a new asymptotically flat solution of third order Lovelock
gravity. The metric function f(r) is the solution of the following equation
rn−7
{
r4 [1− f(r)] + α2r
2 [1− f(r)]2 +
α3
3
[1− f(r)]3
}
= λ2r +m. (20)
The solution of Eq. (20) is given in Eq. (13) with the following k(r):
k(r) = −1 +
3α3
2α22
+
3α23
2α32
(
m
rn−1
+
λ2
rn−2
)
. (21)
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One may show that the above solution is asymptotically flat. In order to study the general
structure of this solution, we first look for the curvature singularities. It is easy to show
that the Kretschmann scalar RµνλκR
µνλκ diverges at r = 0, it is finite for r 6= 0 and goes
to zero as r → ∞. Thus, there is an essential singularity located at r = 0. Also, it is
notable to mention that the Ricci scaler is finite everywhere except at r = 0, and goes to
zero as r → ∞. The event horizon(s), if there exists any, is (are) located at the root(s) of
grr = f(r) = 0:
rn−3+ + α2r
n−5
+ +
α3
3
rn−7+ − λ
2r+ −m = 0. (22)
In order to find the number of positive real roots of Eq. (22), one should note that if the
parameters m and λ are chosen such that there exists a positive real root for f(rext) =
f ′(rext) = 0, then Eq. (22) has one real root. Differentiating Eq. (20) with respect to r and
using f(rext) = f
′(rext) = 0, one obtains:
(n− 3)rn−4ext + (n− 5)α2r
n−6
ext +
α3
3
(n− 7)rn−8ext − λ
2
ext = 0. (23)
One may find a relation between mext and λext for the case that f(r) has only one real root
by omitting rext between Eqs. (23) and (22) for r+ = rext. For n = 7, the relation between
mext and λext is found to be
λ2ext =
1
9
(
−6α2 + 6
√
α22 + 4α3 − 12mext
)1/2(
2α2 +
√
α22 + 4α3 − 12mext
)
,
which is real and positive provided m < α3/3. When m < α3/3, the solution given by Eqs.
(13) and (21) presents a naked singularity if λ < λext, an extreme black hole for λ = λext,
and a black hole with inner and outer horizons provided λ > λext. For m ≥ α3/3, the
solution is a black hole with one event horizon. To be more clear on this explanation, one
may see the diagram of f(r) versus r for these four cases in Fig. 1.
The temperature may be obtained through the use of the definition of surface gravity.
One obtains:
T =
f
′
(r+)
4pi
=
(n− 3)rn−4+ + α2(n− 5)r
n−6
+ +
α3
3
(n− 7)rn−8+ − λ
2
4pi(rn−3+ + 2α2r
n−5
+ + r
n−7
+ α3)
. (24)
The entropy of asymptotically flat black holes of Lovelock gravity is [15]
S =
2pi
κ2n
[(n−1)/2]∑
p=1
pα′k
∫
dn−2x
√
g˜L˜p−1 (25)
7
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FIG. 1: f(r) vs. r for n = 7, α2 = 0.5, α3 = 0.4, m = .1 < α3/3, λ < λext, λ = λext, λ > λext and
m = .5 > α3/3 from up to down, respectively.
where the integration is done on the (n − 2)-dimensional spacelike hypersurface of Killing
horizon, g˜µν is the induced metric on it, g˜ is the determinant of g˜µν and L˜k is the kth order
Lovelock Lagrangian of g˜µν . It is a matter of calculation to obtain the entropy as
S =
2piVn−2
κ2n
rn−2+
(
1 +
2(n− 2)α2
(n− 4)r2+
+
(n− 2)α3
(n− 6)r4+
)
, (26)
where Vn−2 is the volume of (n− 2)-dimensional unit sphere. Using Eqs. (24) and (26), one
may calculate the integral of
∫
TdS∫
T (r+)
∂S
∂r+
dr+ =
(n− 2)Vn−2
2κ2n
m, (27)
which is proportional to the geometrical mass m.
Here, it is worth to consider a peculiar property of the above solutions which does not
occur in the lower order Lovelock gravity. The solution with vanishing geometrical mass
m = 0 presents a black hole with two inner and outer horizons provided λ > λext, where
λext can be obtained through the use of Eqs. (22) and (23) as:
λ2ext = r
n−4
ext
(
r4ext + α2r
2
ext +
α3
3
)
, (28)
r2ext = −
(n− 6)
2(n− 4)
{
−α2 +
√
α22 −
4(n− 4)(n− 8)
3(n− 6)2
α3
}
. (29)
The radius of the extreme black hole is zero for lower order Lovelock gravity and n = 8 as
one may see from Eq. (29), and therefore the solution in these cases presents a black hole
with only one horizon if λ > 0. However, the solution for n = 7 with positive α3 or n > 8
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with negative α3 presents a black hole with two inner and outer horizons if λ > λext. This
is a peculiar feature of third order Lovelock gravity which does not occur in the lower order
Lovelock gravity in the presence of a perfect fluid.
B. Black hole for w = (n− 2)−1 :
As in the case of w = 0, the static case with w = (n− 2)−1 gives a new solution of third
order Lovelock gravity with
k(v, r) =
1
2
+
3
2
γ1/3 +
3α23(m+ λ
2 ln r)
2α32r
n−1
, (30)
which is asymptotically flat. Again, the Kretschmann scalar RµνλκR
µνλκ diverges at r = 0,
it is finite for r 6= 0 and goes to zero as r → ∞. Thus, there is an essential singularity
located at r = 0. The event horizon(s), if there exists any, is (are) located at the root(s) of:
rn−3+ + α2r
n−5
+ +
α3
3
rn−7+ −m− λ
2 ln r+ = 0. (31)
Following our leading procedure in the above subsection for n = 7, the relation between
mext and λext is found to be
mext =
α3
3
+
λ2ext
4
+
α2
8
(√
α22 + 4λ
2
ext − α2
)1/2
−
λ2ext
2
ln
(
−α2 +
√
α22 + 4λ
2
ext
4
)
.
The solution given by Eqs. (13) and (30) presents a naked singularity if m < mext, an
extreme black hole for m = mext, and a black hole with inner and outer horizons provided
m > mext. The diagrams of f(r) versus r for these cases are shown in Fig. 2. Again, one
may note that
∫
TdS is proportional to the geometrical mass of the black hole.
C. Strange quark matter:
For completeness, we consider the linear equation of state of a strange quark matter
(SQM). This is due to the fact that near the singularity, matter may be in the highest known
density form, which brings in the SQM. In 4 dimensions, the SQM fluid is characterized by
the equation of state p = w(ρ− 4B/3) where B is the bag constant indicating the difference
between the energy density of the perturbative and nonperturbative QCD vacuum [16].
Here, we consider the equation of state p = w(ρ − 4B) as a generalization of equation of
9
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FIG. 2: f(r) vs. r for n = 8, α2 = 0.5, α3 = 0.3, λ = .5, m < mext, m = mext, and m > mext from
up to down, respectively.
state of SQM in n dimensions, where B is a constant [17, 18]. In this case, the functions
ρ(r) and ε(r) reduce to:
ρ(r) =
λ2
r(w+1)(n−2)
+
B
w + 1
, (32)
ε(r) = m+
4wBrn−1
(1 + w)(n− 1)
−
λ2
[(n− 2)w − 1]r(n−2)w−1
; w(n− 2) 6= 1,
= m+
4wBrn−1
(1 + w)(n− 1)
+ λ2 ln r; (n− 2)w = 1, (33)
respectively. The function k(r) for the above two cases becomes
k(r) = −1 +
3α3
2α22
+
6wBα23
α32(1 + w)(n− 1)
+
3α23
2α32
(
m
rn−1
+
λ2
r(1+w)(n−2)
)
; w(n− 2) 6= 1,
= −1 +
3α3
2α22
+
6wBα23
α32(1 + w)(n− 1)
+
3α23 (m+ λ
2 ln r)
2α32r
n−1
; (n− 2)w = 1. (34)
The B-term in the above expressions guarantees that the solution is asymptotically (A)dS
even in the cases of w = 1, w = 0 and w = (n − 2)−1, which are asymptotically flat for
normal matter.
IV. RADIATING SOLUTIONS:
Now, we want to find the radiating solutions of third order Lovelock gravity in the
presence of energy-momentum tensor (6) for linear equation of state with σ(v, r) given in
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Eq. (8). In this case, the energy density ε(v, r) becomes
ε(v, r) = m(v)−
λ2(v)
[w(n− 2)− 1]rw(n−2)−1
; w(n− 2) 6= 1.
= m(v) + λ2(v) ln r; w(n− 2) = 1. (35)
When w = −1, the solution is the asymptotically (A)dS uncharged Vaidya-type solution
introduced in Ref. [7].
For w = 1 with q2(v) = λ2(v)/(n − 3), the solution is a new solution which may be
called the charged Vaidya-type solution of third order Lovelock gravity for which the metric
function is given by Eq. (13) with:
k(v, r) =
1
2
+
3
2
γ1/3 +
3α23
2α32
{
m(v)
rn−1
+
q2(v)
r2(n−2)
}
.
In this case, the energy-momentum tensor is the sum of σvµvν and the Maxwell energy-
momentum tensor
T (em)µν = FµλF
λ
ν −
1
4
gµνFρσF
ρσ, (36)
for a point charge q(v) with electromagnetic field tensor Fµν = ∂µAν−∂νAµ and the following
potential:
Aµ =
q(v)
rn−2
δtµ.
Using Eq. (12), one obtains
σ =
(n− 2)
2κ2n
(
m˙
rn−2
−
2qq˙
r2n−5
)
, (37)
which shows that when q˙ < 0, the weak and dominated energy conditions will be satisfied.
While for q˙ ≥ 0, the energy conditions is satisfied for r > rc, where rc = (2qq˙/m˙)
1/(n−3). But
in realistic situations the particle cannot get into the region r < rc because of the Lorentz
force, and therefore the weak and dominant energy conditions are satisfied for the charged
Vaidya-type solution [19]. In the limit of α2 = α3 = 0, this solution reduces to the charged
Vaidya solution of Einstein gravity introduced in Ref. [13].
The nature of the singularity (to be naked or hidden) can be characterized by the existence
of radial null geodesics coming out of the singularity. The nature of the singularity is exactly
the same as the uncharged solutions explained in Ref. [7]. Thus, we only compare the
strength of the singularity with the case of uncharged solution. The solution satisfies a
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strong curvature condition (SCC) [20] or limiting focusing condition (LFC) [21] provided
the limits of τ 2Φ or τΦ are positive, respectively, where τ is an affine parameter and Φ is
Φ ≡ Rµνv
µvν .
Using the fact that dr/dτ = (dv/dτ)f/2, one can show that
Φ = −
2(n− 2)f˙
rf 2
(
dr
dλ
)2
, (38)
and the radial null geodesic satisfies the differential equation
d2r
dλ2
≃
2f˙
f 2
(
dr
dλ
)2
. (39)
Now, we consider the strength of the singularity for the following two cases:
1. m(v) = m0θ(v)v
n−3 and q2(v) = q20θ(v)v
2(n−3), where m0 and q0 are two arbitrary
constants, and θ(v) is the step function which is 1 for v > 0 and zero for v < 0: In this case,
the limits of f and f˙ are 1 and zero as r = v → 0, respectively. Thus, one finds that the
limit of τΦ and τ 2Φ are zero as τ goes to zero, and therefore neither the SCC nor LFC are
satisfied along a radial null geodesic. The uncharged solution satisfies the LFC [7], while
the charged solution does not satisfy LFC, and therefore charge weakens the strength of the
singularity.
2. m(v) = m0θ(v)v
n−4 and q2(v) = q20θ(v)v
2n−7, where again m0 and q0 are two arbitrary
constants: In this case, the limits of f and f˙ as r and v go to zero are:
lim
r→0
f = 1
lim
r→0
.
f = −
(3α23)
1/3
3
[(n− 4)m0 − (2n− 7)q
2
0])
(m0 − q
2
0)
2/3
≡ f˙0 (40)
Using Eqs. (39) and (40), one may show that the radial null geodesic near r = v = 0 is
r ≃ (f˙0)
−1 ln(τ + 1). Using this result and Eqs. (38) and (40), one finds that the limit of
τΦ is positive while the limit of τ 2Φ is zero as τ goes to zero, and therefore as in the case
of uncharged solution [7], only LFC is satisfied along a radial null geodesic. Although the
radiating solution with w = 0 is a new solution with
k(r) = −1 +
3α3
2α22
+
3α23
2α32
(
m(v)
rn−1
+
λ2(v)
rn−2
)
,
but similar calculations show that the strength of the singularity for this case is exactly the
same as when λ(v) = 0 [7], and therefore we will not present them here.
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As in the case of static solutions, the effect of using the equation of state of SQM instead
of normal matter is to make the solutions asymptotically (A)dS. These solutions reduce to
the radiating solutions of Einstein gravity in the presence of SQM introduced in Ref. [18].
V. CLOSING REMARKS
We considered the third order Lovelock gravity for a spherically symmetric spacetime in
the presence of a type II perfect fluid. Due to the fact that the ansatz metric (5) had only
one unknown function, the nonvanishing components of Gµν of the LHS of Eq. (1) were
related to each other according to the following equations:
G˙ vv =
1
rn−2
∂
∂r
(rn−2G rv ),
G ii =
1
(n− 2)rn−3
∂
∂r
(rn−2G vv ).
Thus in our analysis, the functions ρ, p and σ in the energy-momentum tensor (6) were
not arbitrary. Nevertheless, we found a general solution for linear equation of state which
contains all the known solutions of third order Lovelock gravity, and also some new static
and radiating solutions. We investigated the properties of static solutions for w = 0 and
w = (n− 2)−1 with zero and nonzero B, and found that these solutions may be interpreted
as black holes with inner and outer horizons, extreme black holes, naked singularities or
black holes with one horizon provided the metric parameters are chosen suitable. We found
that the solution with w = 0 and m = 0 may present a black hole with inner and outer
horizons. This is a peculiar feature of third order Lovelock gravity which does not occur
in lower order Lovelock gravity in the presence of perfect fluid. We also presented the new
radiating solutions for w = 0 and w = (n − 2)−1, and compared the singularity strengths
of these solutions and the known radiating solutions of third order Lovelock gravity in the
literature. Although naked singularity is inevitably formed in third order Lovelock gravity
for the general energy-momentum tensor (6), the strength of the singularity depends on the
rate of increase of ε(v, r) with respect to v. For the case of charged solutions when the rate
of increase of charge is large enough, then the strength of the singularity is weaker than
that of the uncharged case. That is, the charge with a suitable rate of increase weakens
the strength of the singularity. We also found that the presence of SQM instead of normal
matter changes the asymptotic behavior of the solutions from flat to (A)dS.
13
Although we investigated the solutions for w = 0, w = 1 and w = (n − 2)−1, one
may consider the solutions for other values of w. If one likes to obtain the most general
spherically symmetric solution of Lovelock gravity in the presence of a type II perfect fluid
with arbitrary ρ, p and σ, then one should consider the following metric:
ds2 = −A(v, r)dv2 + 2B(v, r)drdv + r2C(v, r)γijdθ
iθj.
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